Blue.
The way that modern paper is manufactured includes adding sizing material such as aluminum sulfate to the pulp of wooden materials. Nowadays, most bibliographic materials are printed on such modern paper. In the last few decades, it has been noticed that those papers are being destructed by the acid which is produced in the paper by the hydrolysis of the sizing material. 1 The modern paper is being changed into the "acid paper" . The bibliographic resources which have been produced after 1 800 are in serious danger of being destroyed in the near future. Accordingly, efforts are being made in the U. S. A., Canada, the U. K., France and other countries for the prevention of destruction of the acid papers.2 All those efforts must be made based on the quantitative information of the real acidity of papers. However, the real situation
is not yet clear. The purpose of the present investigation is to establish a method to determine the real acidity of papers and to present a nondestructive conventional method for the identification of acid paper.
It is unfortunate that all methods which have been adopted for the measurement of the acidity of the papers rely on the aqueous extraction of acid from the sample.
Because of this fact, the hydrolysis of the sizing material in the acid sample papers may have been enhanced
by the procedures of analysis, resulting in wrong data of the acidity. Thus, non-aqueous solvent extraction of acid from the sample has been proposed, and some results of preliminary experiments of extraction by methanol, acetone and benzene have been reported. 3 In the latter experiment, methanol, which is normally adopted as the extracting material for the acid in food stuffs like starch etc., has been taken as the most appropriate extractor, better than acetone or benzene. However, as some possibility of the reaction of methanol with the sizing material is still worried about, it has been assumed worthwhile to examine other methods of non-aqueous solvent extraction. Thus, the present investigation has been carried out, where we adopt the liquid ion exchanger as the extractor of the hydrogen ions. In order to confirm the usefulness of the nonaqueous solvent extraction, the normal method which relies on the aqueous extraction has also been applied on the same samples. For the latter purpose, the Japanese Industrial Standard (JIS) method4 has been adopted. Details of the procedures of the examined methods are given in the text. The results of the investigation refer to the order of the magnitude of the acid content of the acid paper.
Another difficulty which is met in the analysis of the acid paper is the fact that because the samples are usually valuable resources, the analysis must thus be carried out on a nondestructive basis. For the latter case, Fujiwara and others have invented the upside-down pH glass electrodes to be the conventional nondestructive measuring tool for the identification of acid papers. The present paper will also discuss this method.
Experimental
Apparatus and reagents Colorimetric measurements were made with a Hitachi 124 Spectrophotometer with a 1 cm quartz cell. The pH measurements were made with a TOA Electonics Ltd. pH meter Model HM-30S.
All chemicals used in the experiments of the liquid ion exchanger were of analytical grade purity. The water is obtained by distillation of deionized water. Mineral acids of the analytical grade (Wako Pure Chemical Industries Ltd.) were used for the standardization of the acidity. Chloroform of the analytical grade (Wako Pure Chemical Industries Ltd.) was used without further purification.
Primene JM-T solution, 1%, was prepared by dissolving 2.5 ml of Primene JM-T (Rohm & Haas Co., U. S. A.) in 250 ml of chloroform.
Methylene Blue (Wako Pure Chemical Industries Ltd.) was kept as the stock solution of 1.0X102 mol/ 1 Methylene Blue trihydrate in water, and the aliquots of the stock solution were used after dilution with water.
Materials
Paper samples were some stationery commercially obtained (Daio Seishi and Gakuyosogo-shi Co.) and others from some old books.
Procedures (a) Extraction of acid from papers
In order to compare the aqueous and the nonaqueous solvent extractions to each other, the JIS4, method which relies on the aqueous extraction (a), and the non-aqueous solvent extraction (b) have been applied to the same samples.
In case (b), the non-aqueous solvent extraction was done as follows. About 20 ml chloroform solution of 1.0% Primene JM-T and 3 g of cut paper were placed in a 100 ml capacity separatory funnel and the contents were shaken for 5 h. Extracts were separated from the pulp simply by filtration with a glass filter, 3G-4. The hydrogen ions after extraction by the ion exchangerchloroform were determined spectrophotometrically. (b) Determination of acid by pH glass electrode
The pH measurements were carried out in two ways: one used the JIS Z8802 method and the other used the upside-down glass electrodes According to JIS Z8802, the pH of the extract of acid was measured by the pH meter after soaking 10 min the pH glass electrode in the extract. In the latter case, pH was measured by the upside-down glass electrode; 1.0 ml of extract was placed on the mount of the electrode, as described. (c) Determination of acid by spectrophotometry
The concentration of the hydrogen ions in the extract was also determined spectrophotometrically; Methylene Blue was used as a measure of the acidity of the extract. First the control samples for the acid have been made as follows. Ten ml of hydrochloric acidcontaining water and 10.0 ml of 1.0% Primene JM-Tcontaining chloroform were placed in a separatory funnel and shaken by mechanical shaker for 10 min. The chloroform layer was separated and aqueous phase was extracted once more with 10.0 ml of the 1% liquid ion-exchanger. After combining the two extracts the hydrogen ions in the sample were calibrated in two ways.
In the first case [Spectrophotometry (I)],10 ml of 10.3 mol/ 1 Methylene Blue solution or a 10 ml equivolume mixture of 10.3 mol/ i Methylene Blue and 0.1 M Na2SO4, to be referred to hereafter as the Methylene Blue solution, was added to 10.0 ml of the combined extracts and the contents were shaken vigorously for 5 min. After keeping the funnel stand still from 10 to 30 min, the organic layer was withdrawn and centrifuged for 3 min for the removal of water droplets. The absorbance of the organic phase was measured at 653 nm with water or chloroform as the reference.
In the second one [Spectrophotometry (II)], 1.0 ml of the combined extracts was diluted with 20 ml of chloroform in the separatory funnel and 20 ml of the Methylene Blue solution was added. After shaking and centrifuging in the same way as in the first case, the absorbance of the organic phase was measured at 653 nm, with chloroform as reference. This method was applied to samples of non-aqueous solvent extraction of acid.
Furthermore, Spectrophotometry (III), described below, was applied to samples of aqueous extraction of acid.
The aqueous phase, after acid had been extracted with water from paper sample, was filtrated with a glass filter in vacuo. Twenty milliliters of the filtrate and 20 ml of chloroform were placed in a separatory funnel and shaken for 10 min. After separating the two phases, the organic phase was discarded. The acid in 10.0 ml of the aqueous phase sample was extracted twice with 10.0 ml of 1% Primene JM-T in chloroform. Ten milliliters of the Methylene Blue solution was added to 10.0 ml of the extract. After shaking for 5 min and centrifuging for 3 min, the absorbance of the organic phase was measured.
Results and Discussion
With respect to the acid paper analysis, three points are raised as the problems of fundamental importance:
1) the analysis should be carried out on the basis of non-destruction of the sample paper, 2) the accurate amount of the hydrogen ion content of paper must be determined, and
3) a conventional method must be invented which will allow easy identification of the acid paper.
Within problem (1), two facets of the problem exist: a) a precious book can not be destructed for the purpose of analysis, and b) the procedure of the analysis should not initiate any chemical action on the sample paper. With respect to problem (a), the normal method of analysis which breaks the sample paper into pieces is not adoptable, and with (b), the aqueous extraction creates the possibility of enhancing the hydrolysis of the sizing material of the sample.
Problem (2) sets up complex conditions for the analysis. Firstly, the normal way of the presentation of the acidity of papers is not appropriate for (2). In the usual way, the sample paper is extracted by the aqueous media under the standardized condition and the pH value of the extract is presented. Accordingly, the pH value does not say anything quantitatively about the amount of the acid in the paper. The amount of the hydrogen ions contained in the sample should be presented in terms of the amount of substance (mol) per gram of the paper. It must be pointed furthermore that the acidification of the paper is different for different parts of the paper, whether the measurement is set at the edge or at the center of the page of the book. This happens because the acidification of the paper is caused by the humidity of the air and the reaction of the latter depends on the temperature of the air. Thus, even the amount of substance (mol) of the hydrogen ions per gram of paper is presented, that value can not be claimed as the representative of the page or of the book, i.e., it does not necessarily refer to the acidity of the paper. It is not easy to define the normalized value for the paper. However, with these complex conditions in mind, it is assumed worthwhile to determine the acidity of the acid paper by the non-aqueous solvent extraction and to present the result of the determination in terms of mol [H+] per gram of sample paper.
The applicability of the upside-down pH glass electrode used for (3) will be referred to later.
Organic solvent extraction
It has been shown previously3 that the extraction of hydrogen ions by methanol seems useful for the purpose of avoiding the hydrolysis of the labile sizing material sample. However, as methanol is a polar solvent, some concerns have still remained about whether the molar value of the hydrogen ions refers to an enhanced value which is larger than the real content of the ions in the paper. Thus, in the investigation of the present paper, the liquid ion exchanger, Primene JM-T, has been adopted as the extractor. As seen in the results of the measurement, It is concluded, accordingly, that not much difference is obtained between the methanol and the ion exchanger extractions, and the magnitude of the hydrogen ions content of the acid paper can be assumed to be around 10-6 or 10-5 mol [H+] per gram of sample paper. The latter range can be taken as the real acidity of the acid paper.
It is also obvious from the data of Table 1 that the aqueous extraction enhances the hydrolysis of the labile materials in the sample paper and presents 50 to 100% or even higher values of the magnitude of the hydrogen ions than the true value. Accordingly, all data of the acid papers which have so far been obtained by the normal methods of the acid paper analysis are not valid, including those obtained by the JIS method. It is strongly recommended that the hydrogen ions in the sample paper should be extracted by either liquid ion exchanger or methanol, and the acidity be presented in terms of the amount of substance (mol) of the hydrogen ions per gram of paper.
Nondestructive ident f cation of acid paper
The upside-down pH glass electrode may be recommended as a conventional tool for the identification of the acid paper. The details of the construction of the electrode have been reported already. 5 The electrode shows a linear response to the pH values of the Table  1 can not be taken as the real acidity of the sample papers.
Instead, the point of the data by the electrode is that the electrode is useful as the tool for the identification of the paper on a nondestructive basis. refer to the differences of the chemicals added to the paper. The so called "neutral paper" also gave neutral data when tested by the upside-down pH glass electrode.
Application of the upside-down pH glass electrode Samples of the acid papers have been explored in the books of several libraries: A) books of the holdings of the University of Tokyo Library, B) those of the Chiba University Library and C) the journals, Zeitschrift des Verein -Deutscher Engenieure, held at the Chiba University Library. The samples of A,10 titles (Fig. 2) , and B, 15 titles (Fig. 3) , have been chosen from the holdings of the library simply by the year of publication.
The data of white circles in Fig. 2 refer to the books published in this country and the black ones in Fig. 2 and those of Fig. 3 refer to the books published abroad. All of them show some acidification due to the hydrolysis of the sizing material except one of the publication in 1900, with pH 7, which is a book printed on Japanese paper, and not on modern paper. The samples C are the issues of a German publisher in the time from 1800 to 1950 (Fig. 4) . These have been published by the same publisher and held in the same library under almost the same conditions, which is assumed to give sufficient condition to see the effect of aging.
As can be seen in Figs. 2, 3 and 4, all data show that the samples are identified as acidified. However, it has been noticed as a rather peculiar fact that all data of A, B and C line up horizontally regardless of the time of publication, place of publication, especially so with the data of C. Accordingly, it has been questioned if those data in the figures refer to real acidities of the samples or not; namely, are they suggesting the fact that they show some effect of the analytical procedures; have the differences of acidification of individual samples been smeared out by the enhanced hydrolysis due to the aqueous extraction of the upside-down pH glass electrode method?
Actually, the reason why the organic solvent extraction has been taken up in the present investigation as a necessary procedure for the accurate analysis of the acid paper lies in the observation of the results of Fig. 3 and 4 . As has been cited already, the amounts of the acid measured by the methanol extraction almost coincide with those by Primene JM-T, as in the range from 10-6 to 10.5 mol [H]/ g sample. Thus the real acidity of the acidified paper could be taken to lie in the latter range. The aqueous extraction certainly suggests the enhanced hydrolysis of the paper. Those data of the aqueous extraction may be taken as the acidities of the samples in the final stage of the acidification.
It was noticed in the course of the measurements of the books that the presentation of the pH values varied depending on the sites of measurement in a same book, or even in the same page. This fact may suggest that the acidification of the paper is local and also occurs with various degrees of degradation. These findings await further investigation and will be discussed in future. 
